The improvement of feed conversion into the products in poultry production is primarily related to the effectiveness of digestion and assimilation of dietary protein and therefore sets specific requirements on its nutritive value and profile of limiting amino acids, and on the availability of amino acids for absorption and subsequent metabolization. Digestibility and absorbability of amino acids were recently studied in pigs (E.N. Golovko, 2011) and poultry (P. Dalibard et al., 1995; A.E. Yapontsev, 2016) using the concepts of apparent and standardized ileal digestibility. Ileal digestibility is defined as the difference between consumed amounts of amino acids and the unabsorbed residues at the level of distal end of the ileum. Data on ileal digestibility rates allow optimization of dietary protein quality, digestive function and appetite (V. Ryadchikov et al., 2010). Our earlier studies showed that secretory function of the pancreas in adult chicken and broiler chicks can adjust to the changes in dietary amino acid balance; when dietary level of limiting amino acid (lysine) reached the recommended level the enzymatic activities in pancreatic juice grew substantially (Ts.Zh. Batoev, et al., 1990; V.G. Vertiprakhov, 2015). In this study we have experimentally found differences between enzymatic activities in pancreatic juice and ileal chymus and ileal amino acid digestibility in chronically fistulated chickens which were fed diets of different protein levels. Control diet was standard wheat-based, and experimental diet was supplemented with poorly hydrolysable ingredients (wheat bran, sunflower cake) contained lower levels of crude protein and energy. When chickens were fed with experimental diet instead of control one the decreases in proteolytic activity in pancreatic juice by 22-36 % and in ileal chymus by 34 % (compared to control) were found. Data on ileal digestibility of amino acids showed that intestinal digestion of amino acids is more effective at higher dietary protein level; this effect can be related to the increase in enzymatic activities of digestive juices in response to the increase in dietary protein, and to the concomitant improvement in feed palatability.
In the digestive tract, food is converted into substances able to be absorbed in the body, which ultimately determines the metabolic processes. Increasing the conversion of feed to livestock products, including physiological methods, is relevant. Effective use of fodder proteins by the bird puts forward certain requirements, i.e. usefulness, the optimal ratio of the amino acids that limit productivity, accessibility to absorption and involvement in metabolic processes. In recent years, there has been enough papers to consider amino acid assimilation in digestion of pigs [1] [2] [3] and poultry [4, 5] . For this purpose, methods are proposed that allow one to determine the apparent and true ileal digestibility of amino acids. It is known [1] that the traditional ways of determining the availability of amino acids in the terminal part of the digestive tract do not allow obtaining reliable indices because of significant qualitative and quantitative changes in the composition of nitrogen-containing substances by microorganisms inhabiting the large intestine. Estimation of the availability of amino acids based on the difference in their input with food and undigested amount in ileum is performed on ileostomized animals by ileal method. This method showed that the animal appetite depends primarily on the balance of diets for essential amino acids [6] .
Digestive enzymes of the small intestine adapt to the source of the consumed protein [7] . Previously, we found that the secretory function of the pancreas of broilers and hens respond to the balance of amino acids in the diet, and when the limiting amino acid is introduced to the norm of demand, the enzymatic activity of pancreatic juice significantly increases [8, 9] . In the study of microbial communities, their composition correlated to metabolism of essential amino acids in laying hens [10] . However, we do not know the papers considering a relationship between the availability of amino acids and the food taste.
In this paper, using the ileal method, we first showed that the assimilation of amino acids in the digestive tract depends on the secretory function of the pancreas, which adequately responds to the quality of protein nutrition.
Our goal was to study, in physiological experiment, the activity of enzymes in pancreatic juice and chyme of the ileum, as well as the content of amino acids in the ileum of hens when using compound feeds different in protein levels.
Technique. Pancreas secretion was studied in a chronic experiment on two fistulated 7-8-month old Leghorn hens according to C.Zh. Batoev et al. [11] . For the first 10 days the birds were fed with a control compound feed corresponding to zootechnical norms, and the next 10 days the compound feed containing hardly hydrolyzable components (wheat middling, sunflower oilcake) was given. Experiments started in the morning on an empty stomach. After the first 30 min the hens received 30 g of compound feed, and then pancreatic juice was collected for 2.5 hours with 30-min intervals. In the portions of the secret, the volume of juice and the activity of amylase, proteases and lipase were determined.
The enzymatic activity and the amino acid composition of the chyme were analyzed in three Leghorn hens aged 30-40 days with T-shaped cannula implanted in the ileum at 10-15 cm distance from the thick intestine. The experiment was started in the morning on an empty stomach, the birds received 30 g of compound feed, and within an hour the intestine chyme was collected. The sample was centrifuged for 5 min at 5,000 rpm, and the supernatant was diluted (1:50) with Ringer solution.
Activity of amylase estimated by Smith-Roy-Ugolov method [12] as the amount of starch (mg per ml juice) cleaved for a minute, and proteolytic activity expressed as the amount of casein (mg per ml) hydrolyzed for a minute were recorded at = 670 nm and  = 450, respectively, on a photometer KFK-3 (OOO Zagorsk Optical and Mechanical Plant, Russia) [13] , the lipase activity was assayed on a semi-automatic biochemical analyzer BS3000P (SINNOWA, China) using veterinary diagnostic reagent kit for the determination of blood lipase in animals (DIAKON-VET, Russia).
Free amino acids in the ileal chyme was determined by ion exchange chromatography with post-column derivatization with a ninhydrin reagent and detection at  = 570 nm (for proline = 440 nm). The analysis was performed using a high performance liquid chromatography (HPLC) YL 9100 HPLC System (Young Lin Instrument Co., Ltd, Korea) consisting of a YL9110 gradient pump, YL9101 vacuum degasser, YL9120 UV/VIS detector, YL9150 autosampler (postcolumn derivatizer Pinnacle PCX, ion exchange column Na + 4.0½150 mm, 5 μm, pre-column Na + 3.0½20 mm, 5 m, Pickering Laboratories, Inc., USA).
The mean (X) and standard errors of the mean (x) are shown. The sig-nificance of differences was evaluated by Student's t-test. Differences were considered statistically significant at Р  0.05.
Results. The applied technique of collecting pancreatic juice is unique due to specific morphology of digestive tract in birds, with three pancreas ducts and two bile ducts joined to duodenum in the same place. When ileostomy, a fragment of the intestine (an isolated sac) is cut out, to which the main pancreatic duct is placed, and the intestine fragments are joined "end-to-end". The technique allows to obtain pancreatic juice during experiments, and in other the time juice is directed to the external anastomosis in the intestine. After the recovery period, the bird can be used for a long time.
Composition of the compound feed used is shown in Table 1 .
Our experiments showed the exocrine function of chicken pancreas to be clearly adapted to the fodder (Table 2) , and this was mainly due to a change in enzymatic activity, and not the amount of pancreatic juice.
Exocrine function of the pancreas in Leghorn hens depending on the consumed feed
(n = 20, Х±х) The secretion of the great amount of enzymes necessary for digesting incoming food (and, as a consequence, an increase in their concentration in pancreatic juice) seems to be the most perfect type of specific enzymatic adaptations of the pancreas. An increase in the volume of secreted juice, a less effective and less specific mechanism, is used if specific adaptation is impossible for some reasons. In this, the amount of enzymes may not correspond to the diet so strictly. Adaptation of pancreatic enzymes can be studied in more detail by analyzing the dynamics of juice and enzyme secretion after ingestion [14, 15] .
In our experiment there was a change in the activity of two enzymes, lipase and protease. In receiving experimental compound feed, lipase activity was 26.1 % (P  0.05) higher in hen 1 and 17.4 % (Р  0.05) higher hen 2. On the contrary, proteolytic activity, with the replacement of compound feed containing 16 % crude proteins for those with 14 % crude proteins, decreased by 22.2 % and 36.0% for hen 1 and hen 2, respectively, compared to the control. The amylase:protease ratio also significantly changed and amounted to 12-13:1 in control period reaching up to 18-27:1 in experimental period. This indicates the adaptation of enzymatic activity to the low-protein diet.
Thus, when substituting more nutritious and energetically balanced feed for low-protein diet with 10 kcal less metabolic energy, the exocrine function of the pancreas responded by 22-36 % decrease in proteolytic activity and 17-26 % increase in lipase activity as compared to control. This was due to the addition of wheat middling (13.6 %), sunflower oilcake (11.3 %), barley (22.9 %), which are difficult to hydrolyze, and 39.4 % more fat (see Table. 1). And the most significant differences occurred during the first hours after feeding because of the complex reflex regulation of pancreatic secretion and, thus, due to the fodder taste [14] . Given the fact that the pancreas is one of the central organs of the digestive system and its function correlates with the digestibility of the fodder [16] , the observed changes should suggest a decrease in the digestion efficiency of the dietary protein.
Activity of digestive enzymes in chyme of ileum, the main part of which are pancreatic enzymes, adapted to the nutrition (Table 3) . The most significant changes were in the amylolytic and proteolytic after the replacement of compound feed containing 16.0 % of crude proteins for that with a reduced crude protein content (14.0 %). In this, the amylase activity was 37.9 % lower, and proteolytic activity was 34.3 % lower. The substitution of the control compound for the changed feed (see Table 1 ) did not affect lipase activity, despite the fact that the amount of fat in the fodders was somewhat different.
Enzymatic activity in chyme of the ileum in Leghorn hens
Comparison of the activity of pancreatic enzymes in pancreatic juice and duodenal chyme led to the conclusion that when using a control compound feed, the activity of enzymes entering the intestine decreased 10 times for amylase and protease, and 4 times for lipase compared to the activity in pancreatic juice (Fig.) . The replacement of the diet influenced the ratio of pancreatic juice enzymes entering the duodenum: the amylase activity decreased 19 times, lipase activity decreased 5 times, proteolotic activity decreased 11 times. Moreover, it should be noted that at experimental feeding the activity of amylase in pancreatic juice increased by 17.5 %, and in intestinal chyme decreased by 37.9 %, indicating dilution of duodenal chyme by other digestive juices, water, etc., or the formation of an enzyme-substrate complex in the cleavage of carbohydrates. This can be explained by experimental fodder composition with a higher content of nonstarchy polysaccharides compared to control, which interfere with the interaction of digestive enzymes and substrates, and increase chyme viscosity [17, 18] .
The activity of proteolytic enzymes in pancreatic juice and duodenal
, lipolytic (U/l) and proteolytic (mgŁml  1 Łmin  1 ) activity in pancreatic juice (a -control, c -experiment) and duodenal chyme (b -control, d -experiment) in Leghorn hens when using different compound feeds. For a description of the composition of the fodder in control and experiment, see Table 1 . The average values (n = 20) for 3 hens are given. The shown indices are 10 times decreased for lipase activity and 10 times increased for proteases.
chyme varied simultaneously, decreasing with the use of modified compound fodder (experiment). The ratio of lipase activity in pancreatic juice and duodenal chyme was the lowest (4-5:1), which is due to the relatively high activity of the enzyme in the intestine, since bile secreted into intestine along with pancreatic juice is the most powerful stimulant and fat emulsifier [19] . The amino acid composition of chyme in the ileum of chickens (Table  4) showed that the amount of proteins in the compound feeds varied by 1.33 %. Only for lysine the parameters for compound feed in the experiment exceeded the control ones by 12.8 %, and for the remaining amino acids a decrease was observed. When comparing amount of the basic amino acids to the norms recommended for laying hens [20] , it can be noted that the control feed and the main ingredients of the experiment feed corresponded to these norms. In our experiment, during consumption of feed with hardly hydrolyzable components, the sum of amino acids in the chyme of the ileum increased, compared to the control period, to 3.77 % of the number of amino acids in the feed. In control period of feeding, 1.79 % of the amino acids in ileum remained undigested, which is almost 2 % less than during the experimental period. There is evidence that when the proportion of crude proteins in the diet decreases, the excretion of total nitrogen decreases as well, mainly due to an increase in the ileal digestibility of amino acids [21] . However, when using protein from a single source, the amount of protein does not affect the assimilation of amino acids in the ileum [22] .
Amino acid composition of feed and chyme of the ileum in three Leghorn
In our work, we was not motivated to establish the true availability of amino acids, but tried to connect the secretory function of the pancreas with assimilation of amino acids at different content and quality of proteins in the diet in order to understand the causes that affect the availability of amino acids for poultry. The question of the true availability of amino acids remains controversial which is caused by difficulties in determining endogenous amino acids, including limitations of almost all existing methods for their detection [2] . However, a comprehensive study of digestion processes on fistulated poultry, in our opinion, makes it possible to clarify and consider the processes of protein digestion and absorption, taking into account the neuro-humoral regulation. The advantage of this approach, laid down by academician I.P. Pavlov's in the physiology of digestion, is due to the opportunity to consider processes not fragmentarily [23] , but in a body as a whole.
So, the feed most balanced in protein composition positively affects the secretory function of the pancreas, stimulates the appetite of the poultry and contributes to an increase in ileal digestibility of amino acids.
